The presence of pulmnonic and tricuspid valvular regurgitation may often be suspected from careful clinical examination. However, the validity of the generally accepted clinical criteria remain to be established by technics that permit the direct demonstration of reverse flow across these valves during life. This has been made possible by the detection of cardiogreen and of radioactive krypton (Kr85) in the right atrium or right ventricle after injection of these substances into a distal chamber.
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A LTHOUGH the presence of valvular re-,tL gurgitation may be suspected from clinical studies, the actual demonstration of blood traversing a valve in reverse direction is necessary for a definitive diagnosis. Indicatordilution curves recorded from a systemic artery following injections into the right side of the heart are often modified by the presence of a regurgitant valve between the sites of injection and of sampling. [1] [2] [3] Decreased cardiac output or a left-to-right shunt may, however, obscure the changes produced in such curves by valvular regurgitation.
Mitral regurgitation has been demonstrated by the prompt appearance in the left atrium of either an indicator dye4' 5or of a radiopaque medium" following injection into the left ventricle. In the presence of aortic regurgitation, indicator dye injected into the descending thoracic aorta regurgitates to the ascending aorta and may be detected in the right ear. This lesion may also be demonstrated by thoracic aortography.8 The reflux of radiopaque dye into the right ventricle following its injection into the pulmonary artery has recently been observed in the presence of pulmonic regurgitation. 9 It is the purpose of this report to describe 2 technics for the detection of pulmonic and tricuspid valvular regurgitation that may be applied conveniently at the time of right heart catheterizatioii, and to present the results obtained ill 29 patients studied at the National Heart Institute. A similar approach to diagnosis has also been described recently by Bajec, Birkhead, Carter, and Wood.10 METHODS Right heart catheterization was performed with a no.-9 double-lumen Cournand catheter, modified so that the openings of the 2 lumina were 5 cia.
apart. When the competency of the pulnmonic valve was studied, the catheter was positioned so that the distal opening was in the pulmonary artery and the proximnal one in the right ventricle. When tricuspid valve function was examined, the distal lumen opened into the right ventricle, while the proximal opened into the right atrium. Simultaneous pressures were recorded from each chamnber immediately prior to and following injection of the indicator in order to confirm the position of the catheter.
Cardiogreen (tricarboeyanine) dye" was injected through the distal opening of the catheter as blood was sampled continuously from the proximal opening ( fig. 1 ). The concentration of the indicator was determined by withdrawal through a euvette densitometer12 by means of a constantrate motor-driven syringe. Time-coneentration curves were recorded either with a photographic cathode-ray instrument or a direct-writing recorder.
The order of magnitude of the relationship between regurgitant and forward flows was estimated by the "forward triangle" method described by Hetzel and collaborators.13 14 The "regurgitant fraction" was calculated as the ratio of the product of the build-up time and peak-concentration of the "regurgitant curve" to that of the "recirculation curve" (fig. 2 ). It is realized that this ratio does not provide precise quantification. In 12 of the 29 patients valvular competency was studied in a similar manner with injections of 30 to 50 jac. of radioactive krypton (Kr85) solution into the distal opening of the catheter. Immediately after injection blood was sampled at a constant rate for 10 seconds from the proximal lumen and for 15 seconds from a systemic artery. The radioactivity in these samples was then measured by inserting themn into a continuous gas-flow Geiger-Muller tube.
RESULTS
In the presence of a competent valve, either no dye or only a minimal quantity appeared in the proximal chamber immediately after injection; Fifteen to 20 seconds after injection, dye that had recirculated through the systemic circuit appeared (figs. 3 and 4). When valvular regurgitation was present, a substantial amount of dye appeared in the proximal chamber within 2 seconds of the onset of the injection, well before the appearance of the recirculation curve (figs. 2 and 5). In the presence of valvular regurgitation combined with a left-to-right shunt entering upstream to the proximal catheter opening, the curve produced by the regurgitant valvular flow was inscribed significantly earlier than the curve produced by the shunted blood; the latter, while delayed in its path through the. pulmonary circulation and to the right side of the heart, nevertheless appeared earlier than the systemic recirculation curve ( fig. 6 ).
The competency of the pulmonic valve was examined in 28 patients, and in 7 of these significant regurgitation was considered to be present with "regurgitant f-actions" ranging from 17 to 72 per cent. Three of these 7 patients (W.J., J.B., J.S.) had previously had portions of their pulmonic valves excised at the time of pulmonary valvulotomy, but only 2 (J.B., J.S.) had murmurs considered typical of pulmonic regurgitation. Another patient (M.B.) had previously undergone pulmonic valvulotomy and closure of a small ventricular septal defect in which no valvular tissue was removed. A murmur typical of pulmonic regurgitation developed. One patient (C.C.) had mitral regurgitation, pulmonary hypertension, and a typical Graham Steell murmur.
Patient J.K., who had not been operated upon, had the murmurs considered typical of pulmonic stenosis and regurgitation. At right heart catheterization, there was a gradient of 26 mm. Hg across the pulmonary valve, and the diastolic pressures in the pulmona; y artery and right ventricle were identical. The seventh patient (S.C.) had an atrial septal defect, pulmonary hypertension and a typical Graham Steell murmur; the presence of pulmonic regurgitation was confirmed at the time of operative closure of the defect when a distinct jet of blood was felt in the right ventricle during diastole. In only 3 (W.J., J.K., M.B.) of these 7 patients was the enddiastolic pressure in the pulmonary artery identical to that in the right ventricle. Pulmonary regurgitation was not suspected in 5 other patients who had "regurgitant fi actions" ranging from 2 to 6 per cent. It is believed that such minute amounts of reflux do not necessarily indicate organic valvular dysfunction, but are presumably artifacts produced by the presence of the catheter. There was no relation between the presence of this small degree of regurgitation and the pulmonary artery pressure.
The competency of the tricuspid valve was tested in 17 patients and in 8 of these significant regurgitant flow was demonstrated. The " regurgitant fractions" ranged from 11 to 65 per cent in 7 of the patients and could not be calculated in the eighth, a patient with a very prolonged circulation time in whom no recirculation curve had appeared after 55 seconds of sampling. In all 8 of these patients there was clinical evidence of tricuspid regurgitation and the right ventricular pressure was elevated (table 1); in 5 of these, the mean right atrial pressure and the right atrial "v" wave pressures were elevated. In 2 of the patients with significant tricuspid regurgitation the diagnosis was confirmed at subsequent postmortem examination. In one of these patients, J.O., the tricuspid ring was widely dilated and the valve leaflets were held in a position of partial inversion into the right ventricle. Ill the other patient, A.R., the tricuspid valve was both stenotic and regurgi- It has been demonstrated previously that approximately 95 per cent of Kr85 injected into the venous system or right side of the heart is eliminated into the expired air during its passage through the pulmonary cireulation.15-18 The small remaining fraction that reaches the systemic arterial bed does not behave in a fashion similar to a simple intravascular indicator such as cardiogreen. A portion leaves the intravascular compartment and diffuses into the interstitial fluid as well as into the cells,19 further diminishing the quantity of Kr85 in the systemic venous blood immediately after injection into the right side of the heart or pulmonary artery. The presence of Kr85 in the blood sampled from the right atrium or right ventricle immediately after injection into the right ventricle or pulmonary artery could therefore result only from valvular regurgitation.
Twelve patients had both Kr85 and cardiogreen dye tests for pulmonic regurgitation while 5 had both tests for tricuspid regurgitation. The results were in general agreement. In 8 tests the cardiogreen "regurgitant fraction" exceeded 15 per cent and the right heart Kr85 count per minute (c.p.m.) exceeded background by more than 100 c.p.m. Similarly, in 7 tests the cardiogreen regurgitant fraction ranged between 0 and 3 per cent while the right heart Kr85 activity ranged between 0 and 54 c.p.m. above background. However, the results in the other 2 patients indicated a discrepancy between the 2 tests. In patient J.B., significant pulmonic regurgitation was revealed only by cardiogreen dye while in patient M.E., it was demonstrated only with Kr85
DISCUSSION
The technics for the detection of pulmonic and tricuspid valvular regurgitation described herein have been found simple and convenient to apply at the time of right heart catheterization and should prove of considerable clinical value. The diagnosis of pulmonary regurgitation is usually made when a patient with evidence of pulmonary hypertension presents with a high-pitched, decrescendo, blowing diastolic murmur along the left sternal border, unaccompanied by the peripheral dynamics of aortic regurgitation. Seven such patients wvere studied with an indicator-dilution method for the detection and estimation of aortic regurgitant flow.7 It was with considerable surprise that mild aortic a grade-TI rumbling diastolie murmur with presystolic accentuation was heard at the apex. The electrocardiogram showed right ventricular hypertrophy and right axis deviation. X-rays revealed the heart to be slightly enlarged in its transverse diameter and there was prominence of the main pulmonary artery segment and enlargement of the left atrium. Right heart catheterization revealed the pulmonary artery pressure to be 50/30, the cardiac index was 1.98 lJ./miln./M.2, and no shunts were preseIit. Transbronchial left heart catheterization revealed a mean left atrial pressure of 22 mm. Hg and the enddiastolic gradient across the mitral valve was 20 mm. Hg. It was considered that this patient had mitral stenosis and that the diastolic murmur along the left sternal border represented pulmonic regurgitation. However, no regurgitation was demonstrated either by the dye-dilution method (table 1, fig. 3 
